Introduction
Smoking is the leading cause of preventable morbidity and mortality in the U.S. [1] . Among PLWHA, smoking prevalence is up to 3 times that of the general population [2] [3] [4] . Despite high levels of interest in quitting and past quit attempts [2, 5, 6] , few PLWHA are able to sustain abstinence [2, 7, 8] . Smoking creates well-known risks for conditions such as cancer, stroke, heart disease, and chronic obstructive pulmonary disease [9•] . It also poses additional threats to PLWHA, such as pulmonary-related complications (bronchitis, pneumonia, and asthma) and increased incidence of opportunistic infections [10] [11] [12] [13] [14] [15] . In addition to low baseline CD4 count and older age, current smoking is a strong independent predictor of mortality in PLWHA [16] . In the Strategies for Management of Antiretroviral Therapy clinical trial [17] , the population attributable risk % for current vs former and never smokers combined was 24.3 % for overall mortality, 25.3 % for major cardiovascular disease, 30.6 % for non-AIDS cancer, and 25.4 % for bacterial pneumonia. In a prospective, multi-cohort, multinational observational study (n027,136), the adjusted incidence rate ratio of cardiovascular disease decreased from 2.32 to 1.49 after 3 years for patients who stopped smoking during follow-up, compared with those who never smoked [18] .
Because smoking has an adverse impact upon physical and psychological functioning [19] , smoking cessation among HIV/AIDS patients may also enhance quality of life and disease management efforts. Among PLWHA length of smoking abstinence has been significantly associated with a reduction in self-reported HIV-symptom burden [20] . Smoking itself has been associated with onset and progression of dementia [21] . Cigarette smoking is also associated with a number of mental disorders [22, 23] , including other substance use and dependence. In addition to a greater prevalence of smoking, those with co-occurring mental disorders also find it more difficult to quit [24] , further complicating cessation among PLWHA with co-occurring conditions.
Smoking may also interfere with the therapeutic effects of antiretroviral treatments (ART). Compared with nonsmokers, women smokers on ART had lower immunological and virological response to treatment and a higher risk of viral rebound, death, and AIDS, even after adjusting for confounders [25] . Smokers are also less likely to adhere to ART regimens compared with nonsmokers [26] . Among HIV + smokers, nicotine dependence, illicit drug use, and alcohol use are associated with poor ART adherence [27] .
PLWHA may face additional obstacles to quitting smoking, including co-occurring illicit drug and alcohol use, high prevalence of psychiatric comorbidity, limited socioeconomic resources, and diminished access to care [28, 29] . Race may also play a role in the type and quality of smoking cessation care received, as it does for treatment of HIV/ AIDS. For example, African Americans have less access to HIV treatment and worse treatment outcomes than the overall population [30] . African American smokers are also less likely to be screened by medical providers for tobacco use, receive advice to quit, or use cessation aids during a quit attempt [31] .
Given the consequences of smoking among PLWHA, and the benefits of cessation, the 2008 PHS Guideline for Treating Tobacco Use and Dependence has called for studies specifically on the effectiveness of medications, counseling, and tailored interventions among PLWHA [32] . This directive recognizes that we cannot assume that a therapy tested in the general population is safe, tolerable, and effective in this unique and vulnerable patient population. Studies of smoking cessation interventions specific to the complex psychosocial/medical needs of this vulnerable patient population are essential.
Smoking Cessation in PLWHA
Despite considerable evidence of efficacy in otherwise healthy smokers, the few studies of various medication and behavioral treatments (and their combinations) thus far appear to show mixed results in PLWHA. We now briefly review published intervention studies which were retrieved via search on PUBMED (search terms: tobacco, smoking, cessation, HIV, AIDS HIV). Study design characteristics and results are summarized in Table 1 .
In a non-randomized comparison control study, HIV + smokers interested in treatment (n 034) received nursedelivered individual (30 minutes sessions once weekly during the first month and once monthly thereafter for 12 months) plus nicotine replacement therapy (NRT) [33] . Self-reported smoking abstinence at 12 months was 13/34 (38 %) in the intervention group and 27/383 (7 %) in the observational control group.
Ingersol and colleagues randomized smokers to selfguided reading plus nicotine patch (n018) or motivational interviewing (single session) plus nicotine patch (n022) NR nonrandomized, R randomized, bcv biochemical verification, sr self-report, MOT motivational intervention. [34] . There were no differences in 3-month cessation outcomes (rates not reported by treatment group), and overall nicotine patch use was reported to be suboptimal (37 %-63 % use on prescribed days). Larger randomized controlled trials (RCTs) have shown modest results for behavioral treatments combined with NRT. Vidrine et al tested a cell-phone behavioral intervention plus usual care (UC; including access to NRT) vs standard care alone in 474 HIV + smokers [35] . Participants randomized to the cell phone group were given a prepaid cell phone on which a series of 11 proactive counseling sessions were conducted spanning a 3-month period. The cell phone group had a higher rate of 30-day abstinence at the 3-month follow-up compared with the standard care group (8.9 % vs 2.9 %; P < 0.005), but this effect was diminished and no longer significant at 6-months.
A cohort of 145 PLWHA smokers was randomized to standard care to an 8 session group treatment program cofacilitated by a graduate student and an HIV-infected peer, and tailored to address the needs and concerns of HIVinfected smokers [36] . All were offered a 3-month supply of NRT. In an intention to treat analysis, 7-day pointprevalence abstinence at 3 months was 19.2 % for the intervention vs 9.7 % for those who received standard care (P00.11).
In an RCT comparing behavioral treatment approaches, 444 HIV + smokers who received physician advice and the option of NRT were randomized to either a brief behavioral intervention (Standard Care; SC), or a more intensive motivational-counseling intervention (Motivational Enhancement; ME) [37] . Biochemically-verified 7-day abstinence rates at 2-, 4-, and 6-month follow-ups were 12 %, 9 %, and 9 % respectively, in the ME condition, and 13 %, 10 %, and 10 % respectively, in the SC condition. Although there were no treatment group differences at any of the follow-ups, African Americans faired particularly poorly at 6-months (5 % cessation). Overall, failure to use the nicotine patch during the study was a strong predictor of smoking at 6-month follow-up (failure to use the patch00 % abstinence) [38] . The need to improve adherence to cessation treatment therefore is clear; even optimal treatment will have little impact if it is not used as intended.
Although promising, the safety, tolerability, and efficacy of 2 FDA-approved first line medications, bupropion and varenicline, have only been evaluated in small, uncontrolled single arm trials.
Twenty-one HIV + patients using ART were treated with bupropion, with 38 % reporting quitting for more than 1 year [39] . No clinically significant drug interactions were noted.
In a study of 18 PLWHA smokers on ART who were treated with varenicline for 2 months, 3, and 6 month abstinence rates were 28 % and 24 %, respectively. Five patients reported nausea and 6 reported sleep disturbance but none discontinued treatment [40] . In an open-label study, 36 HIV + smokers were treated with a standard 12-week course of varenicline [41] . The cotinine-verified 4-week continuous abstinence rate through weeks 9-12 was 42 %. The most frequently reported adverse events (AEs) were nausea (33 %), abnormal dreams (31 %), affective lability (19 %), and insomnia (19 %). CD4 counts increased by 69 cells/ mm3 (P00.001) at week 24. Six (17 %) patients discontinued varenicline due to AEs. Abstinence rates and the types of AEs were comparable to those observed in generally healthy HIV-negative smokers; the rates of AEs were somewhat higher, suggesting the importance of close clinical monitoring during treatment and possible overlap in AEs due to varenicline, HIV/AIDS medication treatments, and disease symptoms.
Compounding the paucity of efficacy studies in PLWHA is a failure on the part of HIV care providers to provide even the standard of care for smoking cessation [28] . In the US HIV Medical Association registry, only 22.9 % of providers had ever received formal tobacco treatment training [42] . While almost all providers agreed that smoking is an important issue in PLWHAs, they reported low levels of cessation-promoting activities. The relative lack of evidence for efficacy in PLWHA may contribute to providers' perception that available cessation treatments do not work well or are not well tolerated and are therefore not likely to be recommended. Given the suboptimal cessation rates in PLWHA with conventional treatments such as NRT and behavioral counseling, other cessation strategies are in need of rigorous evaluation.
Unmet Clinical and Research Needs
The paucity of cessation research in PLWHA points to a need for further evaluation of behavioral and approved pharmacotherapies, singly, in combination and with various forms of behavioral support. Suboptimal results in studies conducted so far also suggest that single courses of treatment may not adequately serve the needs of PLWHA for whom quitting is apparently exceedingly difficult and may require more time and effort. There is no firm guidance regarding choice and implementation of multiple courses of treatment for smoking cessation. In what follows we review the limited evidence for sequential treatments, and illustrate how such treatments might be implemented in the context of a sequential treatment trial design. We focus on the combined use of 2 approved, first line pharmacologic agents, bupropion and varenicline, which, although they carry potential risks, demonstrate considerable efficacy in non-medical populations of smokers. We present treatment options/sequences in the context of a trial design because this provides a formal framework for thinking about how such treatments can be implemented in a clinical context. The PHS clinical guideline makes it clear that all smokers trying to quit should be offered medication (except when contraindicated or for specific populations for which there is insufficient evidence of effectiveness), but what follows is less clear. Approved first line medications should be chosen initially, and clinicians should consider medications shown to be more effective than the nicotine patch alone (eg, varenicline). The guideline goes on to state: "Unfortunately, there are no well-accepted algorithms to guide optimal selection among the first-line medications… Prior successful experience… suggests that the medication may be helpful to the patient in a subsequent quit attempt, especially if the patient found the medication to be tolerable and/or easy to use. It is difficult to draw firm conclusions from prior failure with a medication… Some evidence suggests that re-treating relapsed smokers with the same medication produces small or no benefit, whereas other evidence suggests that it may be of substantial benefit." Thus, there is no firm guidance on the best course of action following a failed quit attempt.
Most smokers, particularly smokers with a host of comorbid medical and psychosocial issues, fail first line treatments [43] . For those who have failed, a different approach is required, (eg, re-treatment by augmenting or switching to a different treatment). For those who have quit, it is unclear whether continued (maintenance) treatment will help to prevent relapse. As the guideline points out, little is known about how best to maintain success after initial treatment ends, and what are optimal re-treatments following failure. Key questions, therefore, are: (1) how to maintain abstinence once it has been achieved (is continued treatment beneficial?), and (2) how to address relapse (is re-treatment beneficial?).
Maintenance Treatment (Relapse Prevention)
Risk for smoking relapse is highest in the first few weeks following a quit attempt [43, 44] . Importantly, risk does not reduce to zero, even after extended periods of abstinence. Among former smokers abstinent for at least 1 year, about 10 % relapse each year thereafter [45] . In the Swiss HIV cohort, the rate of smoking cessation over 9 years was 4.4 % per year; however, 44 % relapsed at least once during the period of follow-up [46] .
Meta-analytic reviews of relapse prevention studies have considered interventions that seek to reduce relapse after an acute treatment phase, or at some time after a self-quit attempt [47, 48•] . Relapse prevention trials typically randomize smokers who have already quit, or they randomize smokers prior to quitting and provide a general smoking cessation intervention to all participants in addition to an extra component provided for those randomized to relapse prevention [47] .
Relapse prevention interventions initiated prior to quitting have not been shown to be effective [47, 48•] . There is also little evidence that behavioral interventions initiated prior to or after quitting are effective, with the possible exception of self-help materials in unaided quitters [48•] . There is stronger evidence that pharmacologic interventions initiated or continued after quitting are effective maintenance strategies.
Relapse prevention with NRT improves maintenance of abstinence after smokers have quit on their own [49, 50] but not after treatment with NRT or bupropion [51, 52] . In contrast, bupropion and varenicline are effective in preventing relapse following active treatment. In an analysis of data pooled across 4 studies, maintenance treatment with bupropion was superior to placebo after initial treatment with either open-label bupropion and/or nicotine patch [48•, 51-55] . A single trial tested the efficacy of continued varenicline as a maintenance strategy. Smokers who had quit after 12 weeks of varenicline were randomized either to stay on varenicline or switch to placebo for an additional 12 weeks [56] . Maintenance with varenicline significantly increased the odds of abstinence after 6 months (OR 1.40; 95 % CI 1.12-1.76). Therefore, among approved medications, bupropion and varenicline currently offer the best options for maintenance treatment.
Re-Treatment
Remarkably little attention has been directed to ascertaining whether smokers who have failed with prior treatment: (1) are interested in trying again and, if so, how soon and with what methods; (2) will respond positively to re-treatment.
Re-treatment strategies only make sense if smokers are willing to try to quit again relatively soon after quitting. Two studies have surveyed patients who had been prescribed NRT or bupropion for smoking cessation. Among continuing smokers, 98 % were willing to make another quit attempt, 78 % within 1 month [57] . The majority preferred to try a new medication regimen. In the second study [58] , two-thirds of relapsed smokers were interested in retreatment within 30 days. Of these, 91 % wanted behavioral or pharmacologic smoking cessation treatment, and 64 % wanted behavioral and pharmacologic treatment. Predictors of interest in re-treatment included black race, lower smoking level, and greater number of smoking-related medical conditions. In a longitudinal cohort study, every 6 months over 2 years, smokers were asked if they wanted to receive re-treatment with NRT or bupropion [59] . Among not quit or relapsed smokers, 46 %-65 % opted for re-treatment at some interval. Pharmacotherapy use (vs no use) was associated with the probability of quitting (OR01.99, P00.002), but quitting was not related to the number of previous pharmacotherapy-assisted quit attempts.
It therefore appears that interest in re-treatment is high, and when given the opportunity, most relapsed smokers will try again. Most smokers express a willingness to try to quit soon after a failed attempt, are interested in pharmacologic treatment with or without behavioral treatment, and are more likely to succeed if they are re-treated.
Re-treatment strategies are embedded in many algorithmic guidelines for smoking cessation, in which smokers are initially assigned (or matched) to treatment based upon pretreatment characteristics (eg, nicotine dependence; psychiatric comorbidity), stepped-up to more intensive treatments if they fail, or both [60] [61] [62] [63] . Some approaches begin with a minimally intensive therapy, stepping-up to more intensive or other types of therapy as needed [64] [65] [66] . Little attention has been directed to testing whether algorithmic stepped-care treatment strategies are more efficacious compared with single courses of treatment. Few studies in particular have systematically manipulated re-treatment contingent on cessation difficulties.
In several uncontrolled studies, patients who failed to quit smoking initially using the nicotine patch were offered another course of NRT [67] [68] [69] , with 6-month quit rates ranging between 0 %-20 %. In the single randomized trial, smokers who failed with NRT received either an additional 12 weeks of active or placebo patch [70] . Ninety four percent of eligible subjects agreed to participate in retreatment. At 12 weeks, 6.7 % of subjects allocated to active treatment had stopped smoking compared with 1.9 % allocated to placebo (P00.003). Thus, smokers who fail to quit using NRT do not fare particularly well if they are re-treated with NRT, although outcomes are better than if they receive a placebo. The addition of behavioral re-treatment following initial treatment with NRT does not appear to confer an advantage [71] .
Studies have also examined re-treatment with bupropion. Among prior bupropion treatment failures, 27 % re-treated with bupropion remained abstinent from weeks 4-7 vs 5 % of smokers receiving placebo (P<0.001) [72] . In another study, nicotine inhaler treatment failures that were randomized to re-treatment with bupropion fared better than retreatment with a placebo [51] . Thus, existing evidence supports re-treatment with bupropion.
Adaptive Treatment Strategies (ATS)
Standard RCTs have been criticized as being ill-suited to investigate treatments for chronic conditions (eg, HIV infection, diabetes) that require long-term monitoring and changes in treatment as the patient's history of illness and response to previous treatment evolves [73, 74] . The result has been a call for studies of adaptive treatment strategies (also known as dynamic treatment regimes): rules that change treatment according to response vs nonresponse [74] . This is no less relevant for smoking cessation, as tobacco dependence has been characterized as a chronic relapsing condition that may require long-term treatment and/or treatment with multiple pharmacologic and behavioral aids [75, 76] .
Typically, RCTs for smoking cessation test a single stage intervention against placebo or no treatment/usual care for some fixed period of time, and then follow patients after treatment ends, documenting the rate of treatment effect decay. Such RCTs are limited because they ignore the need for sustained and dynamic treatments and because they do not conform to common clinical practice [76] . Clinicians treat patients in multiple sequences, choosing the next treatment according to patient response [77] . Recent advances in design and analysis of adaptive treatment strategies (ATS) can yield optimal decision rules regarding the choice of initial and subsequent treatments to guide real-world clinical decision-making. ATS offers a way to operationalize and test the sequential, adaptive decision-making process. An ATS is a series of decision rules, 1 per stage of intervention. These rules take into account patient characteristics and treatment responses observed up to each point as input, and then recommend the next treatment course. An ATS therefore defines the treatment sequence resulting in the optimal clinical outcome: maximizing the mean long-term outcome (eg, proportion successful) observed at the end of the final stage of treatment, given prior treatment history, and other patient characteristics.
Studies of ATS are becoming more common [74, [77] [78] [79] . One strategy that lends itself well to evaluating staged sequences of treatment is the sequential multiple assignment randomization trial (SMART), [66, 80, 81, 82 •] used in building and refining ATSs. In a SMART design, subjects are randomized at selected decision points, for example, to initial type of treatment, and again to subsequent treatments contingent on initial response or nonresponse [66] . SMART designs are being used to study sequential treatments in depression, cancer, diabetes, and substance abuse, but their use is not yet widespread [66, [83] [84] [85] [86] [87] [88] .
An ATS for smoking cessation among HIV + smokers has immediate clinical relevance given the following assumptions and constraints: (1) there is a pressing need to find the best treatments to maximize success, especially in high risk and hard-to-treat populations such as PLWHA; conventional single stage treatment RCTs are inefficient and time consuming; (2) safe and effective treatments exist, but their optimal use has not been established; (3) an ATS should optimize eventual outcomes after initial success and failure -conventional RCTs rarely make such a distinction and have not typically investigated simultaneously maintenance and re-treatment strategies; (4) results of ATS studies will have direct and immediate clinical applications, as they will help clinicians and patients decide what treatments (if any) should follow initial success or failure.
Unlike single treatment RCTs, ATS can detect positive or negative synergistic effects between successive treatments. An example of positive synergy is the delayed therapeutic effect [84] , wherein treatment A may lay the foundation for an enhanced effect of certain subsequent treatments. Treatment A (eg, bupropion) may not appear best initially but may have enhanced long term effectiveness when followed by a certain maintenance treatment. Negative synergy is where treatment A may produce a higher proportion of responders (eg, varenicline) but also result in side effects that reduce the options for subsequent treatments for those who do not respond. Or the burden imposed by treatment A may be sufficiently high so that nonresponders are less likely to adhere to subsequent treatments.
Example
In this example, the efficacy of 2 sequential stages of treatment, with 2 different medications (bupropion and varenicline), are tested (see Fig. 1 ). Smokers are randomized initially to receive a first course of varenicline or bupropion. Relapsers are then randomized to re-treatment by augmenting with bupropion/ varenicline, or switching to bupropion/varenicline. Quitters are then randomized to receive maintenance treatment with another course of varenicline/bupropion or to stop treatment.
The evidence supporting the recommendations for firstline treatments is summarized in the guideline and the Cochrane Library meta-analytic reviews: The relative risk (RR) for varenicline vs placebo is 2.31 (95 % CI: 2.01-2.66; 10 trials, n04443) [89] . When used as the sole pharmacotherapy, bupropion significantly increases long-term cessation (RR: 1.69; 95 % CI: 1.53-1.85; 36 trials, n011,140) [90] . The RR for varenicline vs bupropion at 1 year is 1.52 (95 % CI: 1.22-1.88; 3 trials, n01622) [89] .
This example proposes to test 2 approved treatments, varenicline and bupropion, that produce superior short-and longterm outcomes compared with placebo and NRT, are familiar to clinicians, are demonstrably safe and tolerable, and could be incorporated into standard medical practice with insurance plan coverage. Their mechanisms of action and metabolism are also different and potentially complementary. Buproprion's effects are mediated by its ability to block the reuptake of norepinephrine and dopamine in the mesolimbic system and nucleus accumbens, key brain areas for nicotine reinforcement [91] . By contrast, varenicline is a highly selective ⟼4-β2 nicotinic acetylcholinergic receptor (nAChR) partial agonist. Thus, the effects of varenicline and bupropion can be complementary at the neural level. Varenicline is not oxidatively metabolized in the liver, but rather is primarily excreted unchanged in urine, whereas bupropion is metabolized in the liver to hydroxybupropion by CYP2B6, an isoenzyme of the cytochrome P450 system [92] . Thus, different metabolic mechanisms should decrease the potential for drug-drug adverse reactions when varenicline and bupropion are used in combination, although it should be noted that little is known about the potential for these medications to interact with medications used to treat HIV/AIDS (eg, ART). In 1 open label study in healthy smokers, 12 weeks of combined varenicline and bupropion use resulted in 58 % quit at 6-month follow-up [93] . The most common side effects were sleep disturbance (26 %) and nausea (24 %), and no patients discontinued treatment. Bupropion and varenicline also have similar, twice-a-day dosing regimens. This should make adherence easier during augmentation or a switch as there is no change in dosing schedule. If, after the first treatment sequence (typically 8-12 weeks), patients are abstinent, they can be followed without medication, or they can be maintained for another 8-12 weeks on the same medication. This choice should be dictated, in part, by the difficulty the patient has experienced thus far. The same treatment can be reinstated if the patient has enjoyed success but relapses after the medication is withdrawn. For those who have failed to quit during the initial round of treatment, reasons for failure should be ascertained, (eg, AEs, lack of compliance, lack of efficacy). This should help guide the choice of augmenting treatment with another medication, or switching to another medication altogether. For patients whose lack of compliance is not related to inability to tolerate the medication, it may be worth considering behavioral treatments designed to enhance compliance. Different medications, behavioral treatments, or combinations thereof, can be tested via the SMART design. In addition to varying treatment components, treatments of different duration can be tested. Different (interim) endpoints could be incorporated, such as (non) adherence to treatment or AEs, which prompt a switch to a different treatment that might better tolerated. Importantly, patient characteristics that might influence response to treatment (eg, nicotine dependence, psychiatric comorbidity) could be tested as treatment moderators, suggesting different decision rules regarding selection of initial treatments and subsequent treatment adaptations.
Conclusions
Treatment of tobacco dependence in PLWHA remains a priority and a challenge. Conventional treatments appear to offer some limited benefit, but properly controlled research studies in this area are lacking. Clinicians interested in learning about strategies to improve tobacco screening and smoking cessation that can be integrated into care in a variety of clinical settings are encouraged to consult the PHS Clinical Guideline [32] and especially the accompanying clinician and systems decision makers guides (both are available at: http:// www.ahrq.gov/path/tobacco.htm). One challenge is to figure out how best to configure existing treatments that will meet the needs of this patient population in terms of acceptability, tolerability, safety, and adherence. Common clinical practice suggests that failed treatments be followed with re-treatment, but, with smoking, this remains largely unexplored territory. Clinicians are encouraged to explore sequential treatment strategies and to develop treatment and re-treatment algorithms that can then be subjected to empirical scrutiny.
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